. However, field observations indicated that the degree of clonal reaction to the toxin varied throughout the year. Initially, it was thought that either the pathogen cultures were losing their ability to produce toxin or that toxin solutions were losing their activity. Neither proved to be the case, so studies were initiated to determine possible host variability caused by environmental parameters. Since day length had no effect on susceptibility, studies involving the effect of temperature were initiated. This report documents the monthly deviation in clonal susceptibility and summarizes studies designed to better understand the influence temperature has on host-toxin interactions. Brief reports of this study (2, 11) have been published. Recently, the effects of temperature on the induction of resistance of pear leaves to Alteraria kikuchiana toxin has been reported (7).
Helminthosporiwn sacchari (Van Breda de Itaan) Butler, the causal agent of eye spot disease of sugarcane, produces a hostspecific toxin in culture (9) and in infected plants (12) . Steiner and Strobel (10) characterized the toxin and named it helminthosporoside. Strobel (13) has presented evidence that the presence of a helminthosporoside-binding protein in the plasma membrane of susceptible clones is responsible for their reaction to toxin. Resistant clones possess a closely related protein which does not bind with the toxin (14) .
Helminthosporoside can be used to differentiate between resistant and susceptible clones of sugarcane. It is used routinely at this Experiment Station to test for eye spot disease resistance (1, 9) . However, field observations indicated that the degree of clonal reaction to the toxin varied throughout the year. Initially, it was thought that either the pathogen cultures were losing their ability to produce toxin or that toxin solutions were losing their activity. Neither proved to be the case, so studies were initiated to determine possible host variability caused by environmental parameters. Since day length had no effect on susceptibility, studies involving the effect of temperature were initiated. This report documents the monthly deviation in clonal susceptibility and summarizes studies designed to better understand the influence temperature has on host-toxin interactions. Brief reports of this study (2, 11) have been published. Recently, the effects of temperature on the induction of resistance of pear leaves to Alteraria kikuchiana toxin has been reported (7) . 1 This research was published with the approval of the Director as
Paper No. 372 in the Journal Series of the Experiment Station, Hawaiian Sugar Planters' Association.
MATERIALS AND METHODS
Field Susceptibility. Four clones having various degrees of susceptibility to eye spot disease were grown at the Hawaiian Sugar Planters' Association Experiment Station. Their reactions to both toxin and the pathogen were determined monthly. Reaction to toxin was determined by injecting 0.2 ml of a partially purified toxin preparation into the No. 8 internode (9) . The percentage of leaf area on the eight leaves above this internode showing toxin symptoms was recorded 2 days after injection. Tests were replicated four times. We used a single preparation of helniinthosporoside throughout the year because it is stable over extended periods of time (9) . Spore suspensions were sprayed onto leaf surfaces and covered with a plastic bag to determine clonal response to the pathogen (17) . The bags were removed after 2 days and the symptoms were observed after 2 weeks.
Greenhouse Susceptibility. One-month-old plants, potted in 9.5-liter containers, were placed into either a "warm" house maintained at 29 -i-2 C during the day and 22 i 1 C during the night, or a "cool" house maintained at 22 ± 2 C during the day and 15.5 -4i 1 C during the night. Following 3 months growth, disease susceptibility was determined by injecting 10 ,l of the toxin solution into the leaf midribs. Eight plants were tested at each temperature regime. Leaf tissue was also used to determine electrolytic leakage.
Electrolytic Leakage. One gram of 0.5 cm leaf disks was bathed in a 0.5 mM toxin solution. Experimental evidence indicated a 5-min incubation period was sufficient to allow toxin penetration and avoided the necessity of vacuum infiltration (7, 8) . Following the toxin treatment, disks were washed with running tap water, soaked 5 min in distilled H20, washed once with distilled H20, and suspended into 100 ml of distilled H20. Accumulation of electrolytes in the bathing solution was determined at hourly intervals with a conductivity bridge. Unless indicated otherwise, leaf disks were incubated in the light at a room temperature of 25 + 1 C. Data reported were achieved by subtracting the electrolyte leakage occurring in nontoxin-treated controls from leakage occurring in treated leaf disks. An initial test involving five replications had a coefficient of variation of 3.46%, indicating the uniformity of samples; therefore, unless indicated, only two replications were used. Experiments were repeated at least twice.
RESULTS
Field Susceptibility Throughout Year. Clones were tested monthly for 1 year to determine changes in susceptibility to helminthosporoside and to the fungus pathogen inoculations. Susceptible clones became resistant to the toxin during the summer months from June to October (Fig. 1) (Fig. 2) and by visual symptoms developing on intact plants from toxin injections into leaf midribs. Based on a scale of 1 to 9 (1 = no symptoms; 9 = symptoms on entire leaf) (9), the average visual symptom intensity from eight replications was 2.4 on leaves in the warm temperature, this result was significantly different (1 %) from 6.6 in the cool house.
Effect of Temperature on Toxin Activity. Since temperature apparently was influencing symptom development, the effects of temperature on toxin activity was determined. Electrolytic leakage from leaf disks incubated from 5 to 40 C was monitored. Higher temperatures increased toxin activity, and a straight-line relationship existed between 5 and 35 C, having a Qlo of 1.19 ( Fig. 3) . Thus, the previously observed induction of resistance by heat in the greenhouse experiment could not be explained by direct temperature influence on toxin activity. Thus, responses of the host to temperature prior to toxin application were determined.
Effect of Temperature on Host Tissue Response. To determine the influence of temperature on susceptibility of host tissues, the upper portion of cane plants (including stalks and leaves) was incubated 18 hr at either 25, 30, or 35 C. Sensitivity was determined by measuring electrolytic leakage from toxin-treated leaf disks. The leaves from plants incubated at 35 C became resistant to toxin activity while those from 30 C were intermediate in their response (Fig. 4) .
Sensitivity to higher temperatures, prior to toxin treatment, was determined by incubating 25-cm leaf sections in water baths. Following the hot water and toxin treatments, susceptibility was determined by electrolytic leakage. Hot water treatments induced resistance to normally susceptible leaf tissues. The degree of resistance was influenced by the temperature and duration of the hot water treatments. The response of tissues pretreated at 45 C is illustrated in Figure 5 . Similar dosage responses were determined for 35, 40, and 50 C. From these data, it was (Table II) . In addition, the duration of the preincubation period in inhibitor was proportional to the degree of resistance induced.
Leaf disks incubated in a 1 mi actidione solution for 0, 6, 12, 18, and 24 hr resulted in a conductance reading of 44, 26, 18, 10, and 7 jAmhos/cm, respectively. Conductance was measured 4 hr after toxin treatment. A semilog plot of these data resulted in a straight line.
To determine the effect of an 02-free atmosphere on tissue susceptibility, 1 g of leaf disks was suspended in 10 ml of H20
in a 50-ml beaker. Beakers were placed in 500-ml jars continuously flushed with N2 gas (70 ml/min). Following a 16-hr incubation at 21 C, the disks were removed and toxin-treated, and electrolytic leakage was determined in a normal atmosphere at room temperature. Preincubation in the N2 atmosphere induced resistance to the toxin (Table II) . In contrast, leaf disks subjected to an absence of 02 following toxin treatment, rather than preincubation, were unaffected in their response to the toxin. The effect of heat following toxin treatment was determined. Tissues were partially protected from action of the toxin by hot water treatments up to 1 hr following toxin application (Table I) . After 2 hr, hot water treatments had no effect on 6 . Effect of temperature on recovery of susceptibility to helminthosporoside from a heat-induced resistance. Following a 52 C for 20 sec HWT excised leaves were incubated for 18 hr at various temperatures. Leaf disks were then cut, toxin-treated, and electrolytic leakage was determined at 4 hr. (Fig. 6) . Recovery was complete at 25 and 30 C. A Qlo of 2.69 indicated that a physiological rather than a physical process was responsible for the restoration of the susceptible condition.
Effect of N2 Atmosphere and Protein Inhibitors. Leaf disks, cut from hot water-treated leaves and suspended in water, were exposed to N2 atmosphere for this test. Recovery was determined after 18 hr incubation at 21 C. Involvement of physiological processes was further substantiated when hot water-treated tissue also failed to recover in the absence of 02 (Table III) .
Protein inhibitors, actinomycin-D, actidione, and 6-methyl purine also inhibited the recovery of hot water-treated tissues to their original susceptible state. Inhibition of recovery was proportional to concentrations of the protein inhibitors (Table III) .
Neither heat treatments, protein inhibitors, nor a N2 atmosphere influenced the reaction of resistant clones to action on helminthosporoside. DISCUSSION Historically, field observations have indicated eye spot disease incidence is most severe during winter months (5) . The presence of moisture on the leaf surface during this period was thought to be the major factor limiting disease to this period of the year. Although moisture is indeed necessary for infection, our observations indicate that the physiological susceptibility of the host tissue may be of greater significance. We have shown that during the warm summer months, disease is limited because the tissues are resistant to the pathogen's toxin even when moisture from dew and summer rain is available for germination of the fungal spores. Temperatures between 25 and 35 C dramatically changed the reaction of inherently susceptible tissues to the toxin. The differences in average daily temperature between summer and winter is only 3 C. However, from June to October, there were 66 days when the temperature reached 29 C or higher (34 days above 30 C) compared to 3 days (none above 30 C) during the December to April period. Since these appear to be critical temperatures influencing tissue sensitivity to helminthosporoside, even in Hawaii's "uniform environment," disease development during the year can be temperature-influenced. It is unclear why the plants in the cool greenhouse were not as sensitive to toxin activity as those outdoors (Fig. 2) . Leaf temperatures may be influenced by wind and relative humidity which could modify the effects of the ambient temperature.
Our results indicate that heat-induced resistance can be attributed to changes in the host tissues prior to but not following contact with the toxin. Susceptibility actually increased with temperature where leaf tissues were incubated at various temperatures immediately following toxin treatment (Fig. 3) (Table I) .
Several possible mechanisms may be involved in the heat induction of resistance to susceptible tissues. Changes in the status of the toxin-binding protein or in other proteins involved with the action of helminthosporoside offer an area of logical explanation. Physiological processes are necessary for the restoration of the susceptible state following heat treatment. Inhibition of this recovery by protein synthesis inhibitors, the need for 02 (Table III) , and a Qlo of 2.69 (Fig. 6) (6) . Naturally induced resistance during the warm summer months or the artificially induced resistance at 30 C could involve a mechanism different from denaturation. Enzyme systems responsible for the production of the binding protein or other necessary proteins could be "turned off" at these moderately high temperatures, and resistance would result because the receptors were depleted. Resistance induced by a lack of 02, or in the presence of protein inhibitors (Table H) , lends support to such a possible mechanism. Gardner and Scheffer (4) have also suggested that the induction of resistance by protein inhibitors could be interpreted as the turnover of a toxin receptor protein. Our results with actidione suggest a half life of 8 to 9 hr at 25 C for a protein involved with the host response to helminthosporoside.
Results of these studies have emphasized the need to carry out disease testing during the cool months of the year, whether testing with toxin or with the causal agent. It is also apparent why spraying seedlings with toxin was relatively unsuccessful in warm greenhouses and necessitated moving the seedlings to cool, shady areas for testing (1) . Screening for eye spot disease resistance, either at the seedling (1) or mature plant stage (9) , is now confined to November through April at this Station.
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